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Available online 23 September 2016Among various functional genomics tools used to characterize genes in plants, transposon-
based mutagenesis approaches offer great potential, especially in barley and wheat, which
possess large genomes and inwhich genetic transformation is not routine. TwoDs transposon
flanking sequences (TNPs), TNP-29 (27.4 cM (centiMorgan)) and TNP-79 (70.3 cM), were
mapped in the vicinity of a malting quality QTL located on chromosome 4H of barley.
Reactivation of the Ds transposon sequence from these TNP lines led to the identification of
genes in the malting QTL regions. Several Ds (dissociation) lines were generated by crossing
TNP-29 and TNP-79 with an AcTPase (activator) expressing line (25-B), and F2 progenies were
subsequently screened for Ds insertions at new locations. To further characterize these Ds
mutants, we mapped the new Ds flanking sequences on a barley genetic map and found that
29% of Ds were located in regions associated with the malting QTL located on chromosome
4H and in close proximity to other important malting-associated QTL across the barley
chromosome. Using a sequence based approach, a linkagemapwas generated that confirmed
the position of Ds loci in the barley genome map. Locating these Ds loci on the barley map
opens avenues to dissect important malting QTL for facilitating identification of candidate
malting genes.
© 2016 Crop Science Society of China and Institute of Crop Science, CAAS. Production and
hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Barley1. Introduction
The barley (Hordeum vulgare) genome is of approximately 5.1 Gb
in size [1], and more than 80% of the genome consists of
repetitive DNA sequences [2] making gene cloning studies
cumbersome. Owing to collaborative international efforts, im-
pressive progress has beenmade in establishing freely available,
public resources in barley genomics— an advantage not realized
in many other major crop species [3]. These resources include
the development of extensive genetic maps, most of which area (J. Singh).
Science Society of China a
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2016), http://dx.doi.org/1curated and available on GrainGenes (http://wheat.pw.usda.gov/
GG2/maps.shtml#barley). Genetic linkage maps have been
useful in identifying QTL [4] and are essential for mapping of
unknown genes sequences,most of which still have no assigned
function. Integration of these mapping resources with T-DNA
and transposon insertions allows the development of efficient
and robust gene cloning strategies [5].
The use of themaizeAc/Ds transposon system is an effective
approach for gene identification and cloning in heterologous
species. Using this system, single-copy Ds insertion lines (TNPs)nd Institute of Crop Science, CAAS.
iversity of Saskatchewan 51 Campus Drive, S7N 5A8, Saskatoon,
Science, CAAS. Production and hosting by Elsevier B.V. This is an
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2 T H E C R O P J O U R N A L X X ( 2 0 1 6 ) X X X – X X Xwere generated in barley to identify, tag, and characterize
genes [6,7]. These genetic populations were developed by
hybridizing Ds insertion lines (TNPs) with AcTPase-expressing
sources developed previously using different plant transfor-
mation approaches [5].
These genetic populations can be used to target QTL linked
to important but difficult traits and characterize the genes
affecting them. For instance, malting quality is a complex and
low-heritability phenotype controlled by QTL that have been
mapped throughout the barley chromosomes. Various QTL
affecting malting quality traits have been identified in barley
germplasm [4,8–17]. In addition, recent studies have identified
QTL for major malting traits such asmalt extract (chromosome
1H, 2H), wort protein (chromosome 1H, 5H, 6H), soluble/total
protein (S/T) (chromosome 6H), diastatic power (DP)
(chromosomes 2H, 6H, 7H), alpha-amylase (chromosome 4H),
and beta-glucan (BG) (chromosomes 5H, 6H, 7H) [18,19].
Two major malting QTL are located on chromosome 4H:
QTL2 located in the telomeric region of 0–30 cM (fine-mapped
to 0–15 cM), and another QTL located in the 72.6–85.2 cM
region. Phenotypic variation of 18% to 25% for major malting
traits like malt extract, diastatic power and alpha amylase
was observed before [4]. Further investigation into these QTL
is required to characterize the gene/genes affecting malting
traits.
In the present study we reactivated Ds insertion lines with an
insertion site mapped in the vicinity of two malting QTLs on
chromosome 4H to generated new lines, the sequence of new
lines were subsequently mapped across barley chromosomes.
The map location of Ds loci may provide information leading to
the identification and effective dissection of malting QTL.
Mapping of Ds loci was achieved by identification of polymor-
phisms in the sequences flanking Ds using iPCR, TAIL (thermal
asymmetric interlaced) PCR, and adapter ligation techniques. A
set of Ds insertions described in Singh et al. [5] has been
constructed in an old malting variety, Golden Promise, in which
successful transformation of barley was first accomplished
[20]. However, Golden Promise is not a parent of the well-
characterized mapping population currently available (http://
wheat.pw.usda.gov/ggpages/map_summary.html). We accord-
ingly used the other highly polymorphic mapping population
Oregon Wolfe Barley dominant (OWB-D) × Recessive (OWB-R),
Steptoe × Morex, and Dicktoo × Morex. Among all mapping
techniques, a sequence-based approach has proven successful,
as used earlier to map 19 Ds loci on the barley linkage map [21].
Restriction digest-based assay of PCR products, generally known
as CAPS (cleaved amplified polymorphic sequence) is also a pre-
ferred method for performing SNP assays in mapping popula-
tions and has been used earlier [21]. A more recently created
barley sequence database (IPK: http://webblast.ipk-gatersleben.
de/barley/) also provided information about the physical and
genetic map locations of Ds loci [1].
The overall aim of this study was to identify Ds loci
mapping close to malting QTL for future identification of
genes involved in malting quality. Wemapped the Ds flanking
sequences generated previously [5] and in the present study,
to a barley linkage map. Ds flanking sequences mapped
proximal, and into the malting QTL regions may act as
candidates for identification of genes involved in the malting
process through functional characterization.Please cite this article as: S. Singh, J. Singh, Sequence-based gene
related traits in barley, The Crop Journal (2016), http://dx.doi.org/12. Material and methods
2.1. Generating Ds flanking sequences
TNP-29 and TNP-79 single-Ds insertion lines and a 25-B line
expressing AcTPase were generated by Copper et al. [21]. TNP-29
and TNP-79 were mapped near malting quality QTL on chromo-
some 4H to map positions 27.4 and 70.4 cM respectively. Seeds
of these lines were obtained from TNP repository at USDA
(Aberdeen, ID, USA) and grown under appropriate greenhouse
conditions. TNP-29 and TNP-79 plants were crossed with
AcTPase-expressing plants and F2 seeds were grown and
screened for new Ds transpositions. DNA isolation and PCR
were performed as described in Singh et al. [5]. Sequences of
Ds flanking regions from new transpositions were obtained
by HE-TAIL PCR [22], iPCR [5], and adapter ligation [23]. The
HE-TAIL PCRwasperformed in four separate runsusing genomic
DNA, TaKaRa ExTaqDNApolymerase, 10× PCR buffer containing
10 mmol L−1 MgCl2, and 2.5 mmol L−1 dNTPs (TaKaRa-Bio,
China). These PCR runs included preamplification and primary,
secondary, and tertiary amplification, respectively, following
Tan and Singh [22], using a GeneAmp PCR System 9700 (Applied
Biosystems, USA).
For iPCR, genomic DNA was digested with either Nco I or
Nhe I (both enzymes have a restriction site in the Ds element),
followed by heat inactivation and phenol:chloroform purifica-
tion of the digestedDNA. ThedigestedDNAwas self-ligated and
the product was used for subsequent PCR amplification. The
cocktail for the first cycle of the iPCRwaspreparedwith 1.0 μL of
0.1 μg of purified and ligated DNA, 2.5 μL of 10× buffer, 2.5 μL of
2.5 mmol L−1 dNTPmixture, 0.5 μL of 10 μmol L−1 of the first set
of nested primers for the 5′ end, JIPR3 and JIPF4 and the 3′ end
JIPR9 and JIPF2, and 0.25 μL of 1 U of ExTaq DNA polymerase
(Invitrogen, USA) in a total reaction volume of 25 μL. PCR
products from the first round were diluted to 1:20 for the 5′
flanking end of Ds insertion and 1:50 for the 3′ end with
nuclease-free water and used as template for the second round
of PCR. Specific PCR products were generated in the second
round of PCR amplification with nested primers (JIPR5 and JIPF7
at the 5′ end and JIPR6 and JIPF1 at the 3′ end). The PCR products
obtained from the second iPCR were gel-purified using a gel
extraction kit (QIAquick Gel extraction kit, Qiagen, USA).
In the adapter ligation (AL-PCR) method, adapters with
appropriate overhangs were designed that contained a specific
primer binding site (AC946R), used with four set of restriction
enzymes (Ase I, Hinf I, Ava II, and Hha I). These enzymes were
selected based on the position of restriction sites in the
modified sequence (Ds-bar, consisting of minimal 5′ and 3′ Ds
termini flanking an ubiquitin-driven bar cassette). Adapters
were ligated to the restricted genomicDNA, and three rounds of
PCR with three sequentially nested primers specific to 3′ and 5′
termini of known sequences were performed.
2.2. Bioinformatic analysis
Bioinformatic analysis of the flanking sequences was performed
using BLAST (Basic Local Alignment Search Tool) query against
databases HarvEST (http://harvest.ucr.edu/), NCBI (http://www.
ncbi.nlm.nih.gov/) and Gramene (http://www.gramene.org/).tic mapping of Ds-tagged insertions to characterize malting-
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3T H E C R O P J O U R N A L X X ( 2 0 1 6 ) X X X – X X XFlanking sequence and EST alignment were performed with
Clone Manager 9 Professional Edition (Scientific & Educational
Software, Cary, NC), GenScan (http://genes.mit.edu/) was used to
predict coding sequences. For describing gene product charac-
teristics and gene product annotation, GO (Gene Ontology)
analysis (http://www.geneontology.org/) was also performed.
The flanking sequence information was also used as the
basis for determining the orientation of Ds insertions and the
structure of insertion sites, including terminal inverted
repeats (TIRs) and 8-bp duplications, and for characterizing
the genomic regions in which transposition occurred.
2.3. Localization ofDs flanking sequences on barley chromosomes
2.3.1. Mapping populations
Seeds of the highly polymorphic mapping population, Oregon
wolfe barley (OWB) OWB-D × OWB-R (94 individuals) were
grown in the greenhouse andused for DNAextraction following
Singh et al. [5]. Other mapping populations, Steptoe × Morex
and Dicktoo × Morex, were also used in case no polymorphism
was detected in the OWB population. Populations of Steptoe ×
Morex containing 150 lines [24] andDicktoo × Morex containing
100 lines [25] were grown under similar greenhouse conditions.
2.3.2. Primer design and polymorphism detection
Ds flanking sequences reported in Singh et al. [5] and in the
present studywere used formapping Ds loci. Primers specific to
21 Ds flanking sequences were designed using clone Manager 9
software (Table 1). These primers were used to amplify parents
of various mapping populations: OWB-D, OWB-R, Steptoe,
Morex, Dicktoo, and Golden Promise (control) varieties. PCR
amplification products were gel purified and sequenced at the
GenomeQuebec sequencing center,McGill University,Montreal,
Canada. Polymorphisms (SNPs/indels) were detected in the
amplification products by comparison of the mapping parents
with Golden Promise (GP). To detect indels, PCR products were
analyzed on high-concentration agarose gels (3%–4%). PresenceTable 1 – Primers used to amplify parents of various mapping pop
Line
Forward (5′–3′)
MTNP 301 TCTGCCGTCTGTTGTGGTT
MTNP 302 TGGGCATCAAGGGTGGAG
MTNP 303 CACCAGCGACGGATCTGTT
MTNP 304 GGTCGAGCTACACTCAAAG
MTNP 305 GTGCTTCACCCGCTAATCT
MTNP 306 ACCACCTTCTAATCGCAGA
MTNP 307 TAGTACAATTCGGGCTAGG
MTNP 309 TTGTCCAGACGCCACACCA
MTNP 310 GGGAGCTTCTGATGTGTTT
MTNP 311 ATGGCGGTCCTTATGTCTT
MTNP 312 TTGCCCTCCTTAGAGATGT
MTNP 313 CAGGAGGATAGCTTGAAG
MTNP 314 GGTGCCTTAACGCTCGAAT
MTNP 315 GATGTTGCGGTTGCCATAA
MTNP 316 GAAGCCACATGGCAGCCA
MTNP 317 ACAATGGTGGTCCTGCTTA
MTNP 318 GTGCTGGTTGGCAGGATGT
MTNP 319 ATATCCGCCAGGTGCAGCT
MTNP 321 GTCATCATCCGGTCGTCCT
Please cite this article as: S. Singh, J. Singh, Sequence-based gene
related traits in barley, The Crop Journal (2016), http://dx.doi.org/1or absence (dominant) and size differences (co-dominant) in
amplified bands were scored. In case of SNPs, sequences were
analyzed for any nucleotide changes in restriction sites. For the
CAPS assay, PCR amplicons were digested with specific restric-
tion enzymes before separation by agarose gel electrophoresis.
2.3.3. Linkage and physical map construction and statistical
analysis
Ds flanking sequences were placed on barley linkage map
using JoinMap 4 [26]. An updated linkage map was constructed
using the most recent version of the OWB map available on
GrainGenes. Raw data was downloaded from (http://wheat.pw.
usda.gov/ggpages/maps/OWB/).
Segregation data of SNPs/INDELs obtained from polymor-
phism data were used for linkage analysis and sequentially
added to linkage groups. Allele data for 94 doubled haploid (DH)
lines from the OWB mapping population were used for linkage
map construction. On the basis of recombination frequency,
marker order was assigned to the linkage map, and subse-
quently map distance (in cM) between markers was calculated.
Linkage groupswere identified usingminimumLODvalues of 5.
The Monte Carlo maximum likelihood (ML) mapping algorithm
[27] was used to determine the orders of markers within each
linkage group. Map distances were calculated using Haldane's
mapping function. Data from different mapping populations
and maps were combined using common markers.
Physical location of MTNP flanking sequences were located
using BLAST analysis in the EnsemblPlants database (http://
plants.ensembl.org/Hordeum_vulgare/Info/Index).3. Results
3.1. Characterization of flanking sequences
Flanking sequences generated using AL-PCR, HE-TAIL PCR,
and iPCR methods were analyzed using various bioinformaticulations to detect polymorphism.
Primer sequence
Reverse (5′–3′)
C GCTTCTCGCTTGTGCCATTG
TC CATCGGCATTCGGCAGTAGC
G ACGGTGGTATGGACCGGAAG
G CTTAGGGCAGCAATGTCAGG
G GGAGTCCCGTCAATGCTTTC
G TAGCACCAGCCGTTCAAATG
G CACGTACTTGGTGTGGTATG
C GTCGCCAGCAGCGTAACAAC
C GCTGCCTGTCCATTCAATAG
G GCTGCCTGTCCATTCAATAG
G GGCGATATACCTTTCTACCG
TG AGGGAGGAGGTGAATCAAAC
G GGGCCACTGAGAATTTCTGC
G CGAGAGGTACGACTACATTG
AG CATCCGCGCAGACAAGCAAG
C CAATTACAGGCAAGCCATCC
C CACGTCTCGCCGATCTTCAC
C TCTCGTCAGCGTGCAGTCAG
C CTACCCACACGTCCCTTCTC
tic mapping of Ds-tagged insertions to characterize malting-
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4 T H E C R O P J O U R N A L X X ( 2 0 1 6 ) X X X – X X Xtools. Based on BLAST searches, the majority of TNP flanking
sequences matched known ESTs or gene sequences. Searches in
the HarvEST and NCBI databases showed that the MTNP −315,
−317, −320, and −321 lines possessed high similarity to ESTs
expressed during malting stages. MTNP-311 showed similarity
with a serine/threonine kinase-like protein belonging to the pro-
tein kinase superfamily and functioning inATPbinding and as an
enzyme regulator. MTNP-318 showed similarity with the Lks2
gene (putative short internodes family transcription factor),
which functions in regulation of awn elongation and pistil mor-
phology in barley. Table 2 presents information about flanking
sequences, their putative gene, pedigree, and state of terminal
inverted repeats (TIRs), and methods used to generate them.
The majority of Ds insertions were within or close to genic
regions. Table 2 further describes 8-bp sequence duplicates
(characteristic ofDs transposition) that correlate with perfect or
defective TIRs.
3.2. Structure of Ds insertion sites
To characterize the Ds insertion sites in the barley genome,
analyses of Ds flanking sequences were conducted using
BLAST searches in public databases; harvEST, Gramene and
NCBI, in search of similarities to known proteins, genomic
sequences, and/or ESTs. Bioinformatic analysis showed that
the majority of the Ds flanking sequences matched known
ESTs or characterized gene sequences. Fig. 1 depicts the
positions of exons, introns, the Ds insertion site, genomic
regions, the putative start and stop codons, and the domain
positions of MTNP sequences. In 50% of the MTNP flanking
sequences, Dswas inserted into the exonic region of a gene or
predicted gene.Table 2 – Status of terminal inverted repeats (TIRs), 8-bp duplic
Line Sequence side Method TIRs
TNP-29 3′ and 5′ (iPCR) Perfect L-iditol 2-deh
TNP-79 3′ and 5′ (iPCR) Perfect Wheat EST B
MTNP-301 3′ (iPCR) Defective Chromodom
MTNP-302 3′ and 5′ (iPCR) Perfect MDR-line AB
MTNP-303 3′ and 5′ (HE-TAIL PCR) Perfect Peptide trans
MTNP-304 3′ and 5′ (iPCR) Defective β Amylase lik
MTNP-305 3′ and 5′ (HE-TAIL PCR) Perfect Idg2 gene for
MTNP-306 3′ (HE-TAIL PCR) Perfect H. vulgare β G
MTNP-307 3′ and 5′ (HE-TAIL PCR) Perfect H. vulgare FL
MTNP-308 3′ (HE-TAIL PCR) Defective Zea mays clo
MTNP-309 3′ (HE-TAIL PCR) Perfect No significan
MTNP-310 3′ (iPCR) Perfect H. vulgare cD
MTNP-311 5′ (HE-TAIL PCR) Perfect H. vulgare se
MTNP- 312 3′ (HE-TAIL PCR) Defective No significan
MTNP-313 3′ (iPCR) Defective 40S ribosoma
MTNP-314 3′ (ALPCR) Perfect Hypothetical
MTNP-315 3′ (ALPCR) Perfect H. vulgare cD
MTNP-316 3′ (ALPCR) Perfect No significan
MTNP-317 3′ (ALPCR) – Brachypodium
MTNP-318 3′ (ALPCR) – H. vulgare su
MTNP-319 5′ (ALPCR) Perfect Oryza sativa,
MTNP-320 3′ (iPCR) Defective No significan
MTNP-321 3′ (iPCR) Defective Predicted pro
MTNP-322 3′ (ALPCR) Perfect DNA repair r
Please cite this article as: S. Singh, J. Singh, Sequence-based gene
related traits in barley, The Crop Journal (2016), http://dx.doi.org/13.3. Chromosome localization ofDs flanking sequences on barley
map
3.3.1. Investigation of polymorphisms
It is highly desirable thatDs flanking insertions sequences should
be verified as polymorphic betweenmapping population parents
prior to testing their amplification in all individuals of amapping
population. Specific primers generated from the flanking se-
quences (Table 1) were used to amplify the target sequence of the
parents of mapping populations (OWB-D, OWB-R, Steptoe,
Morex, and Dicktoo). SNP or indel polymorphism was observed
among the parents. SNPswere represented in the formof cleaved
amplified polymorphic sequence (CAPS) assay with a unique
restriction enzyme that restricts one parent but the other. Fig. 2
shows examples of polymorphisms detected in two of the Ds
flanking sequences in different mapping populations. In MTNP
301, a restriction enzyme excised the PCR product from OWB-R
but not from OWB-D, and in MTNP 310, excision occurred in
Morex and not in Steptoe. All individuals from the mapping
populations were digested with the same enzyme and the simi-
larity of the product size to that of either parentA or parent Bwas
recorded. For MTNP lines for which no polymorphism was de-
tected among parents, we employed the barley sequencing data-
base to infer the position of Ds loci. Altogether, sevenMTNP lines
showed SNP polymorphism in the OWB DH population, four in
the Steptoe × Morex population, and two in the Dicktoo × Morex
population. Three were mapped by assaying for indels in the
OWB DH population and two in the Steptoe × Morex population.
3.3.2. Map location of Ds flanking sequences
MTNP 301 to MTNP 310 generated in Singh et al. [5] and MTNP
311 to MTNP 321 in the present study were all mapped onates, and annotation of Ds flanking sequences.
Similarity E-value 8-bp
duplicates
ydrogenase 1.10E–06 TCCCCAGC
F200383.1 2.70E–06 CCCAGGGA
ain protein 3.00E–20 CTTAACCT
C transporter 1.00E–18 CAATGGTG
port PTR2 9.00E–49 GTTTCAAA
e gene 2.90E–61 GTCGTGGC
isocitrate dehrogenase 4.00E–59 CCCCCACC
AL1 gene 2.00E–31 TGTGCAAA
baf82i04 mRNA 4.00E–24 CATAGAGT
ne Contig887. FmRNA 3.00E–51 GTCGAGCT
t similarity – GTCCCGAG
NA clone, mRNA 5.00E–24 TGCATGTA
rine/threonine kinase-like protein 4.00E–16 CTGGGGA
t similarity – TCGACTGA
l protein-predicted 1.00E–82 TTCTAGTG
protein TRIUR3 (Triticum urartu) 7.00E–176 CGAGCTGT
NA clone: FLbaf17m18 9.00E–120 GCCGTCGG
t similarity found – TAAGAATC
distachyon ABC transporter 6.00E–108 Not Known
bsp. Vulgare Lks2 gene 2.00E–08 Not known
BAC clone: OSIGBa0103O01 2.00E–13 CCCAGTAC
t similarity – TGCCTCGC
tein, complete cds, clone: NIASHv3026K04 2.00E–42 TATTTAAC
adA-like protein 5.00E–14 ATGGAAGG
tic mapping of Ds-tagged insertions to characterize malting-
0.1016/j.cj.2016.07.003
Fig. 1 – Diagrammatic representation of structure of Ds flanking sequences (MTNP 301 to MTNP 322) inserted into genomic
sequences, showing positions of predicted exons, introns, the Ds insertion site, genomic regions, and putative start and stop
codons.
5T H E C R O P J O U R N A L X X ( 2 0 1 6 ) X X X – X X Xdifferent barley chromosomes. The most recent barley map
of the OWB mapping population available on GrainGenes
(http://wheat.pw.usda.gov/ggpages/map_shortlist.html)wasused
to locate Ds flanking sequences. The inferred linkage map
positions of the polymorphic loci in the Steptoe × Morex or
Dicktoo × Morex mapping population were assigned based on
the presence ofmarkers common to the OWB population in the
map. We used genome sequencing resources available in aPlease cite this article as: S. Singh, J. Singh, Sequence-based gene
related traits in barley, The Crop Journal (2016), http://dx.doi.org/1barley sequence database (http://mips.helmholtz-muenchen.
de/plant/barley/) [1] to determine and confirm the locations
of Ds insertions. The database provides access to a physical/
genetic map and a barley BLAST server database that was used
to locate the position of new transposed Ds lines. Each Ds locus
was added to the barley genetic map and an updated map
was generated for each chromosome. Ds insertions were
located on all barley chromosomes except 6H. Fig. 3 andtic mapping of Ds-tagged insertions to characterize malting-
0.1016/j.cj.2016.07.003
Fig. 2 –Agarose gel pictures depicting polymorphism in parents andmapping population individuals (15 from total individuals)
performed using CAPS marker assay, are shown in each population. a) Ds line MTNP 301, where PCR-amplified DNAs of
mapping population (OWB) parents and individuals were digested with Sau1 restriction enzyme, which excised the DNA
sequence of mapping population individuals with “OWB-R type” and not the “OWB-D type” individuals. and b) Ds line MTNP
310 showing a polymorphism detected in the Steptoe × Morex population and due to a SNP that has a restriction site that is
cleaved in Morex- but not Steptoe-like individuals.
6 T H E C R O P J O U R N A L X X ( 2 0 1 6 ) X X X – X X XTable 3 summarize the genetic (in cM, centiMorgans) and
physical (in Mb, million base pairs) map locations of the Ds
flanking sequences on barley chromosomes (1H to 7H).
3.3.3. Frequency of linked Ds transposition
We generated 35 new Ds insertions by reactivating the
candidate TNP lines TNP-29 andTNP-79. Thirty-three insertions
were generated from TNP-29 A (TNP-29 × AcTPase), and eight
from TNP-79A (TNP-79 × AcTPase). Using HE-TAIL PCR, iPCR,
and AL-PCR, we generated 21 flanking sequences. All of these
were mapped except for one (MTNP 320), and their locations
were further confirmed using the barley whole genome
sequence database. Four of the mapped sequences were from
TNP-79 and 17 were from TNP-29. Two of four TNP-79 loci were
mapped on the same chromosome (4H) near the launch pad
(original Ds location) site into the QTL1 (MTNP 317: 73.9 cM and
MTNP 305: 70.3 cM). Four of the 17 TNP-29 loci were mapped in
theQTL2 region (MTNP322, 0.13 cM;MTNP311, 6 cM;MTNP 321,
11.6 cM; and MTNP 303, 14.4 cM) near the launch pad site.
TNP-79 showed 50% frequency and TNP-29 showed 33%
frequency of transposition into the same chromosome. Fig. 4
depicts the overall frequency of Ds transposition across all the
barley chromosomes, with the greatest number of flanking
sequences being located on chromosome 4H.4. Discussion
Malting quality of barley is an important industrial trait, but a
difficult trait for genetic studies. Our goal to dissect important
malting quality QTL on chromosome 4H using transposon-
based mutagenesis relies on the fact that the majority of DsTs
(Ds launch pads) transpose to the same chromosome as theFig. 3 – Physical and genetic map locations of barley MTNP flank
to 7H as inferred from barley sequence database. Various QTL af
arezxshown. Genetic distance is represented in cM (centiMorgan
α amylase; BA, β amylase; Dor, seed dormancy; DP, diastatic po
glucan; ME, malt extract; BBG, barley β glucan; KI, Kolbach index
Please cite this article as: S. Singh, J. Singh, Sequence-based gene
related traits in barley, The Crop Journal (2016), http://dx.doi.org/1one harboring their place of origin. The major aim of this
study was to generate and genetically locate Ds transposon
insertions across the barley chromosomes, and in this effort,
we mapped on the barley linkage map 21 new sequences that
are in close proximity to major malting QTL. The principal
strategy involved was to identify and map sequence polymor-
phisms in the regions corresponding to Ds flanking site using
the OWB mapping population. The approximate locations of
the Ds insertions could also have been determined using
wheat deletion lines or wheat: barley addition lines, but these
approaches could locateDs lines only on a chromosomearmor a
sector of a chromosome arm, and lack the resolution necessary
to assign Ds elements to a particular position on a barley linkage
map [28].
Comparison of flanking sequences using BLASTN and
TBLASTX searches in various public EST and nucleotide
databases supports the notion that Ds tends to insert into or
in close proximity to predicted coding regions in the genome,
as indicated by previous studies in barley [29,30], tomato [31],
rice [32,33], and maize [34]. The high frequency of insertions
observed in our present and previous [7] studies, in which Ds
insertions were located in or close proximity to genes or
regulatory sequences, suggest that theseDs insertionswould be
most useful for transposon walking in future. Other individuals
in which insertions are not located in expressed sequences
would be of high interest for use in transgene delivery, where
the objective is to insert a new gene without disturbing the
native genome.
In view of our use of TNP-29 and TNP-79 insertions, which
map close tomalting quality QTL on chromosome 4H, as launch
pads to generate new Ds transposants, a high frequency of the
new insertions are expected to land on the same chromosome.
The transpositional relative frequency of 33% in our presenting sequences (MTNP 301 to MTNP 322) on chromosomes 1H
fecting malting traits mapped earlier in barley populations
) and physical distance in Mb (million basepairs). Legend: AA,
wer; GP, grain protein; KP, kernel plumpness; MBG, malt β
.
tic mapping of Ds-tagged insertions to characterize malting-
0.1016/j.cj.2016.07.003
7T H E C R O P J O U R N A L X X ( 2 0 1 6 ) X X X – X X X
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related traits in barley, The Crop Journal (2016), http://dx.doi.org/10.1016/j.cj.2016.07.003
Table 3 – Table summarizing pedigrees of MTNP flanking
sequences, their chromosome locations, and their genetic
and physical locations on a barley map.
TNP line Origin Chromosome
location
Genetic
linkage
position (cM)
Physical
position
(Mb)
TNP-29 PDS2 4HS 27.4 24.70
TNP-79 PDS3 4HS 70.3 484.30
MTNP-301 TNP 29 7H 70.8 331.14
MTNP-302 TNP 29 3H 53.4 41.95
MTNP-303 TNP 29 4H 14.4 83.06
MTNP-304 TNP 29 3H 53.4 41.95
MTNP-305 TNP 79 4H 70.3 484.40
MTNP-306 TNP 29 1H 104.8 436.40
MTNP-307 TNP 29 2H 136.4 610.00
MTNP-308 TNP 29 7H 70.5 561.55
MTNP-309 TNP 29 2H 37.8 40.00
MTNP-310 TNP 29 7H 73.8 331.15
MTNP-311 TNP 29 4H 6.0 4.05
MTNP-312 TNP 29 1H 136.4 155.11
MTNP-313 TNP 29 5H 30.7 19.85
MTNP-314 TNP 29 1H 43.9 5.20
MTNP-315 TNP 79 5H 48.2 357.50
MTNP-316 TNP 29 4H 110.0 531.65
MTNP-317 TNP 79 4H 73.9 419.55
MTNP-318 TNP 29 2H 64.5 554.65
MTNP-319 TNP 29 2H 59.4 553.08
MTNP-321 TNP 29 4H 11.6 11.80
MTNP-322 TNP 29 4H 0.138 1.33
8 T H E C R O P J O U R N A L X X ( 2 0 1 6 ) X X X – X X Xstudy is similar to that in our previous study [7]; however,
frequencies of 50% inArabidopsis [35,36] and 62%–67% in rice [37]
have been observed. A possible reason for the lower frequency
we observed is the limited number of Ds insertions studied,
which most likely prevented a rigorous statistical analysis of
the nature of Ds transposition. Further, the location of the Ds
insertion site, used as launch pad for reactivation, can also
affect the frequency of transposition owing to different chro-
matin structures as well as differences in the methylation
status at the integration site.
Different methods were employed to obtain the flanking
region of a transposon insertion (in MTNP lines), including
iPCR, TAIL PCR, and AL-PCR, given that none of them proved
to be efficient for every Ds insertion line generated. Location
of MTNP insertions close to or inside malting QTL will provide
further routes to characterizing genes influencing maltingFig. 4 – Frequencies of MTNP flanking sequences located on
barley chromosomes.
Please cite this article as: S. Singh, J. Singh, Sequence-based gene
related traits in barley, The Crop Journal (2016), http://dx.doi.org/1traits. Although QTL controlling malting traits have been
mentioned in the literature, only a limited number of the
genes involved have been functionally characterized. The
present study sheds light on genes that might be involved in
controlling a particular malting trait. We localized MTNP lines
close to somemajor malting QTL; for instance, MTNP 301, 308,
and 310 mapped on chromosome 7H lay inside the malting
quality QTL, affecting important traits such as α-amylase,
β-amylase, malt β-glucan, diastatic power, and grain protein.
These lines (MTNP 301, 308, and 310) are candidates for
further reactivation of Ds for transposon walking aimed at
their functional characterization. Similarly, MTNP 309 and 319
map into QTL affecting kernel plumpness, barley β-glucan,
malt extract, and seed dormancy that can be used as
candidates to study genes affecting them. Apart from malting
genes, other important genes tagged in this study can be used
to further illustrate important aspects of plant development.
For example, the Ds mutant in MTNP-314, which disrupts the
gene for DNA repair protein radA-like protein in wheat and
functions in DNA repair, homologous recombination, and ATP
binding [38], may help to characterize the encoded protein in
barley. MTNP-318, which has similarity with the Lks2 gene and
functions in regulationof awnelongationandpistilmorphology
in barley [39], may have future relevance in reducing lodging
and improving grain yield.We previously used this approach of
Ds reactivation to dissect an important malting quality QTL on
chromosome4H [5]. The reactivation of TNP 29 andTNP 79 lines
has led to the identification of candidate genes in the malting-
QTL region. The resulting mutant lines generated from Ds
insertions can be used to characterizing gene function or
studying other molecular aspects [40,41]. We also predict that
some of the new Ds insertions result in changes in biochemical
or proteomic profiles and bring about new patterns of gene
expression [5,42]. Finally these data will inform empirical
approaches for designing breeding schemes for developing
and using barley populations for transposon tagging or
Ds-mediated transgene delivery.5. Conclusions
The principal objective of this study was to map Ds flanking
sequences in the barley genome using the OWB DH population
to facilitate integration with other genomic resources in barley.
We have developed transposon-derived genetic populations
and performed preliminary characterization of the sites of
insertion of the Ds elements and their mapping locations.
We employed an AL-PCR technique in addition to iPCR
and TAIL PCR methods to amplify flanking Ds sequences.
Flanking sequences were mapped on barley chromosomes,
with a reasonable frequency in the QTL2 region. As a result of
this study, a transposon walking system can be used for
characterizating malting-associated genes and developing
molecular breeding tools for malting quality improvement.Acknowledgments
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